All relevant data are within the paper and its Supporting Information files.

Introduction {#sec005}
============

Childhood obesity is a major threat to public health. Worldwide, the prevalence of childhood obesity has increased significantly over recent decades. The prevalence of overweight and obesity increased from 16.9% in 1980 to 23.8% in 2013 for boys and 16.2% in 1980 to 22.6% in 2013 for girls in high-income countries. In low- and middle-income countries, the overweight and obesity prevalence increased from 8.1% in 1980 to 12.9% in 2013 for boys and 8.4% in 1980 to 13.4% in 2013 for girls \[[@pone.0184704.ref001]\]. Over the past 25 years in China, there has been a substantial increase in the prevalence of childhood overweight and obesity. Results from the Chinese National Survey on Students' Constitution and Health (CNSSCH), conducted every five years since 1985, revealed that 23.2% of boys and 12.7% of girls in urban areas were overweight or obese in 2010, compared to 1.3% of boys and 1.5% of girls in 1985. In rural areas, the prevalence of overweight and obesity for boys and girls were 0.5% and 1.6% respectively in 1985, increasing to 13.7% and 8.6% in 2010 \[[@pone.0184704.ref002]\]. The intervention studies for prevention or treatment of overweight among children and adolescents have been conducted in China and published in Chinese medical journals since the 1990s \[[@pone.0184704.ref003]\].

Childhood obesity is associated with many adverse health consequences, including asthma, sleep disorders, exercise intolerance, hypertension, chronic inflammation, and negative self-image in childhood \[[@pone.0184704.ref004]\], and some chronic non-communicable diseases later on in adulthood \[[@pone.0184704.ref005]--[@pone.0184704.ref008]\]. Intervening early to prevent and control childhood obesity is essential to reduce these negative consequences.

Schools are considered as an ideal environment for delivering obesity interventions to children because students spend most of their waking time at school (at least eight hours per day) \[[@pone.0184704.ref009]\] and have access to school requisite facilities such as classrooms for health education and facilities for exercise \[[@pone.0184704.ref010]\]. School policies also have an influence on students\' behaviors associated with health \[[@pone.0184704.ref011]\].

The effectiveness of school-based intervention programs has been studied in several systematic reviews \[[@pone.0184704.ref012]--[@pone.0184704.ref021]\]. Some reviews have demonstrated that school-based interventions were effective for reducing BMI in children, with a change of BMI ranging from -0.04kg/m^2^ to -3.27kg/m^2^ \[[@pone.0184704.ref013]--[@pone.0184704.ref020]\]. However, few studies involved in those systematic reviews were conducted in low- and middle-income countries including China \[[@pone.0184704.ref022], [@pone.0184704.ref023]\], resulting in knowledge gaps regarding the effectiveness of interventions in such countries, where childhood obesity has been increasing at a faster rate than that in high income countries. Under this circumstance, the generalizability of these findings in Chinese children is limited.

Two systematic reviews addressed this knowledge gap. Gao et al. conducted a systematic review of community-based obesity interventions in China involving six school-based studies published before June 2006, of which five reported beneficial effects \[[@pone.0184704.ref024]\]. Li et al. conducted a systematic review of school-based interventions for preventing childhood overweight and obesity published from 1990 to 2006 in mainland China \[[@pone.0184704.ref003]\]. Of the twenty-two studies included in the review, thirteen were undertaken in primary or secondary schools and most of the studies (n = 10) reported beneficial effects in anthropometric outcomes, while six were in kindergartens and three in colleges. Neither of these two reviews conducted meta-analysis to quantitatively evaluate the effectiveness of the interventions. Since 2006, there has been an increase in the number of school-based interventions studies conducted in mainland China. To address this issue, we conducted a systematic review and meta-analysis of school-based childhood obesity interventions in mainland China published from January 1990 to December 2015.

Methods {#sec006}
=======

Literature search {#sec007}
-----------------

School-based intervention studies published from January 1990 to December 2015 were searched in three most commonly used Chinese databases (China National Knowledge Infrastructure (CNKI), Wanfang, Vip) and five international databases (PubMed, Embase, EBSCO, Springer, the Cochrane Library). Journal articles, Master's and Doctoral theses were included in this review. The following terms were searched in all field to identify relevant studies: (1) participant-related (child, adolescent, student, boy, girl); (2) intervention-related (e.g. school, intervention, prevention, diet, exercise, physical activity, sedentary, behavior, education, policy, strategy, environment); (3) weight-related (e.g. obesity, overweight, weight, BMI, adiposity, fat); (4) country-related (China, Chinese). Full electronic search strategy was provided in [S1 File](#pone.0184704.s001){ref-type="supplementary-material"}.

Inclusion criteria were: (1) randomized or non-randomized controlled trials (RCTs or non-RCTs); (2) interventions based on primary and secondary schools in mainland China; (3) outcomes assessed by anthropometric measures including BMI, prevalence of overweight and obesity (weight status), waist or hip circumference, skin fold thickness, body fat percentage(BFP), percentage of over standard weight-for-height (i.e. (measured weight--standard weight-for-height) / standard weight-for-height × 100%, commonly used in Chinese studies); (4) the duration of interventions were at least 3 months; (5) full-text is available. Studies in Hong Kong, Macao and Taiwan were excluded from this study as we were unable to access their local publications. The school system and socioeconomic status are also different from that in mainland China. The studies were also excluded if: (1) interventions were designed specifically for treatment of obesity complications, such as type 2 diabetes, hypertension; (2) interventions involved drug treatments, any clinical operations or treatments of Chinese Traditional Medicine (such as acupuncture and moxibustion, ear point-pressing therapy); (3) the interventions or statistical methods were not described clearly.

Reference lists of both original and review articles were checked manually to identify any additional publications. Registered trials in ClinicalTrails.gov were also searched to identify unpublished studies, but none was found to meet our inclusion criteria.

Two reviewers (Dong-Mei Wei & Lin Feng) independently screened all titles and abstracts, and full-texts of potentially eligible studies were retrieved for further consideration. Discrepancies between the reviewers were discussed with a third reviewer (Hai-Jun Wang) and resolved with consensus.

Quality assessment {#sec008}
------------------

Quality of included studies was assessed by two reviewers using the Effective Public Health Practice Project Quality Assessment Tool \[[@pone.0184704.ref025], [@pone.0184704.ref026]\]. Six components were evaluated, including selection bias, study design, confounders (variables that were associated with the intervention or exposure related to the study outcomes), data collection methods, blinding, and loss to follow up. Each component was rated as strong, moderate and weak quality. Overall quality of a study was rated "strong" if none of the components were rated weak, "moderate" if one component was rated weak, "weak" if two or more components were rated weak. Further classification was applied to those studies rated in weak quality, with weak 1 as having two components rated in weak quality and weak 2 as having three or more components rated in weak quality.

Data extraction and analyses {#sec009}
----------------------------

The following data were extracted for analyses: author, location, year of publication, participant gender, sample size per group, participant age or school grade, targeted population, intervention duration, intervention components, main anthropometric outcomes, theoretical framework and randomization method.

An effective study was defined as statistically significant improvement in at least one anthropometric outcome (e.g. BMI, weight status, waist or hip circumference, skin fold thickness, body fat percentage, percentage of over standard weight-for-height) between the intervention and control groups (*P*\<0.05) \[[@pone.0184704.ref024]\].

Meta-analysis was conducted for each intervention strategy when there were at least three studies with BMI as the outcome measure. The outcomes from meta-analyses were BMI changes from baseline in intervention groups compared with the changes in control groups. For each study, information on sample size, mean and standard deviation (SD) of change in BMI in both intervention and control groups were extracted for meta-analysis. When the SD was not reported in the study, the authors were first contacted and if no response, the SD of change in BMI was derived from standard error (SE) of the mean, 95% confidence interval (CI), or imputation using the formula described in the Cochrane Handbook (version 5.1.0) \[[@pone.0184704.ref027]\]. If the SD of BMI at baseline and post-intervention were known, the SD of change in BMI was calculated using the following formula.
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For calculating SD of change in the intervention and control group, 0.80 and 0.89 were used for *Corr*, respectively, which were based on a similar meta-analysis \[[@pone.0184704.ref015]\]. For studies with multiple arms, the effect of each intervention was compared with the control in meta-analysis. If the effects of intervention were reported at multiple time points, the data collected immediately after the intervention was used in meta-analysis.

All studies were grouped primarily according to the target population (treatment studies recruited only overweight and/or obese children vs. prevention studies recruited children without weight status restriction). The studies were further stratified by different strategies of intervention component(s) and the duration of intervention (long-term being more than 12 months vs. short-term being 3 to 12 months). Random effects models were used and the percentage of variation due to heterogeneity across the studies were assessed using the *I*^*2*^ statistic. Studies with substantial heterogeneity (i.e. *I*^*2*^ \>50% or *P* value \<0.1 form Chi-square teats assessing the heterogeneity of effect sizes across interventions) were removed \[[@pone.0184704.ref020]\]. Meta-analysis was performed using Review Manager 5.3. Heterogeneity test was performed using Stata 13.0. A *P* value \<0.05 (two-sided) was considered statistically significant.

Results {#sec010}
=======

Our literature search initially identified 32,793 potential articles from the electronic databases. Flow chart was presented in [Fig 1](#pone.0184704.g001){ref-type="fig"}. Overall seventy-six studies met the inclusion criteria, including ten studies published in English \[[@pone.0184704.ref022], [@pone.0184704.ref023], [@pone.0184704.ref028]--[@pone.0184704.ref035]\] and sixty-six published in Chinese. There were fifty-eight journal articles \[[@pone.0184704.ref002], [@pone.0184704.ref022], [@pone.0184704.ref023], [@pone.0184704.ref028]--[@pone.0184704.ref083]\] and eighteen master theses \[[@pone.0184704.ref084]--[@pone.0184704.ref101]\]. No significant difference was found in quality between the two types of publications (Fisher's Exact Test, *P* = 1.00).

![Flow chart of systematic review.](pone.0184704.g001){#pone.0184704.g001}

Characteristics of studies {#sec011}
--------------------------

The seventy-six studies included a total of 72620 Chinese students aged 6--19 years. Twenty studies (26.3%) were published before 2007, of which eleven studies \[[@pone.0184704.ref039], [@pone.0184704.ref046], [@pone.0184704.ref047], [@pone.0184704.ref049], [@pone.0184704.ref053], [@pone.0184704.ref055], [@pone.0184704.ref057], [@pone.0184704.ref059], [@pone.0184704.ref064], [@pone.0184704.ref067], [@pone.0184704.ref068]\] were included in Gao's and Li's previous reviews, but the other nine studies \[[@pone.0184704.ref036], [@pone.0184704.ref042], [@pone.0184704.ref048], [@pone.0184704.ref051], [@pone.0184704.ref056], [@pone.0184704.ref060], [@pone.0184704.ref065], [@pone.0184704.ref077], [@pone.0184704.ref084]\] were not (not due to quality or study design weakness). The remaining fifty-six studies have been published since 2007, including ten studies published in English, after Gao's and Li's previous reviews. Only one study included reported theoretical framework, as socio-ecological framework \[[@pone.0184704.ref075]\].

[Table 1](#pone.0184704.t001){ref-type="table"} summarized the characteristics of all studies, including study design, duration of intervention, school types and intervention strategies. Of the seventy-six included studies, forty were classified as treatment studies \[[@pone.0184704.ref029], [@pone.0184704.ref030], [@pone.0184704.ref034], [@pone.0184704.ref040]--[@pone.0184704.ref042], [@pone.0184704.ref044], [@pone.0184704.ref046], [@pone.0184704.ref048], [@pone.0184704.ref049], [@pone.0184704.ref056]--[@pone.0184704.ref063], [@pone.0184704.ref065]--[@pone.0184704.ref067], [@pone.0184704.ref069], [@pone.0184704.ref071]--[@pone.0184704.ref073], [@pone.0184704.ref076], [@pone.0184704.ref077], [@pone.0184704.ref079], [@pone.0184704.ref082], [@pone.0184704.ref084], [@pone.0184704.ref085], [@pone.0184704.ref089], [@pone.0184704.ref090], [@pone.0184704.ref093], [@pone.0184704.ref095], [@pone.0184704.ref097]--[@pone.0184704.ref101]\] targeting overweight and / or obese children and thirty-six were prevention studies for all children irrespective of baseline weight \[[@pone.0184704.ref022], [@pone.0184704.ref023], [@pone.0184704.ref028], [@pone.0184704.ref031]--[@pone.0184704.ref033], [@pone.0184704.ref035]--[@pone.0184704.ref039], [@pone.0184704.ref043], [@pone.0184704.ref045], [@pone.0184704.ref047], [@pone.0184704.ref050]--[@pone.0184704.ref055], [@pone.0184704.ref064], [@pone.0184704.ref068], [@pone.0184704.ref070], [@pone.0184704.ref074], [@pone.0184704.ref075], [@pone.0184704.ref078], [@pone.0184704.ref080], [@pone.0184704.ref081], [@pone.0184704.ref083], [@pone.0184704.ref086]--[@pone.0184704.ref088], [@pone.0184704.ref091], [@pone.0184704.ref092], [@pone.0184704.ref094], [@pone.0184704.ref096]\]. More than half of the studies were non-RCTs (60.5%). The majority (75%) of studies was short-term. Forty-eight studies (63.2%) were conducted in primary schools, sixteen studies in secondary schools (21.0%) and the remaining twelve (15.8%) in both settings.

10.1371/journal.pone.0184704.t001

###### The summarized characteristics of the included studies.
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                                 Overweight and obese children (n = 40)   All children   Total               
  ------------------------------ ---------------------------------------- -------------- ------- ------ ---- ------
  **Study design**                                                                                           
  RCT                            17                                       42.5           13      36.1   30   39.5
  Non-RCT                        23                                       57.5           23      63.9   46   60.5
  **Duration of intervention**                                                                               
  Short-term                     32                                       80.0           25      69.4   57   75.0
  Long-term                      8                                        20.0           11      30.6   19   25.0
  **School types**                                                                                           
  Primary                        22                                       55.0           26      72.2   48   63.2
  Secondary                      12                                       30.0           4       11.1   16   21.0
  Both                           6                                        15.0           6       16.7   12   15.8
  **Intervention strategies**                                                                                
  Single component                                                                                           
  PA                             15                                       37.5           7       19.4   22   29.0
  HE                             5                                        12.5           1       2.8    6    7.9
  DI                             0                                        0.0            1       2.8    1    1.3
  Multiple components                                                                                        
  PA,HE (+others)                18                                       45.0           19      52.8   37   48.7
  HE,WM                          0                                        0.0            4       11.1   4    5.3
  PA,DI                          2                                        5.0            0       0.0    2    2.6
  HE,PC                          0                                        0.0            2       5.6    2    2.6
  Others                         0                                        0.0            2       5.6    2    2.6

RCT, randomized controlled trial; non-RCT, non-randomized controlled trial; PA, physical activity; HE, health education; DI, dietary improvement; WM, weight management; SP, school policies; PC, psychological counseling; PIS, physical infrastructure support; Others: including one study applied DI, SP; and one study applied HE, WM, SP, PIS. No study applied single component as WM, SP, PC nor PIS.

Intervention strategies {#sec012}
-----------------------

Seven intervention components were identified, including (1) physical activity (PA, including interventions directly improving the intensities and duration of PA within and out of physical education classes in school setting), (2) health education (HE, including providing class lesson seminars, workshops, or relevant materials targeting students, teachers, canteen staffs or catering companies, as well as other forms of HE at school, such as broadcasts, posters, etc), (3) dietary improvement (DI, directly modifying school lunches), (4) weight management (WM, referring to monitoring of the weight-related indicators or keeping guidance records among overweight and obese children), (5) school policies (SP, obesity-related school policies), (6) psychological counseling (PC, a supplementary measure aimed at reducing the psychological problems caused by obesity and encouraging the obese children to perform exercise actively and healthy eating habits), (7) physical infrastructure support (PIS, upgrading sport facilities, expanding sport space or access to sport facilities at school).

As shown in [Table 1](#pone.0184704.t001){ref-type="table"}, the majority of studies (n = 47, 61.8%) have used comprehensive interventions with multiple components. Comprehensive intervention strategy that involved PA and HE with or without other component was the most commonly applied in mainland China (45.0% in treatment studies, 52.8% in prevention studies). For single component interventions, PA only (28.9%) had the largest proportion, followed by HE only (7.9%) and DI (1.3%).

Quality assessment {#sec013}
------------------

Overall most studies (n = 61, 80.3%) were rated as weak in quality, with 90.0% (n = 36) of treatment studies and 69.4% (n = 25) of prevention studies rated as weak, respectively. The remaining four treatment studies (10.0%) and eleven prevention studies (30.6%) were rated as moderate quality. No study was rated as strong quality. A trend was observed, however, that the proportion of studies in moderate quality was higher since 2007 (5.0% before 2007 vs. 25.0% since 2007, Fisher's Exact Test, *P* = 0.10), indicating the overall quality of studies improved in the recent decade.

[Table 2](#pone.0184704.t002){ref-type="table"} showed the quality rating scores for treatment and prevention studies. In total, fifteen studies in moderate quality were rated as weak in blinding (n = 12, 80.0%) or selection bias (n = 3, 20.0%). Thirty studies were rated as weak 1 due to insufficient blinding (n = 30, 100%) and selection bias (n = 24, 80.0%). Thirty-one studies were rated weak 2 due to weakness in blinding (n = 31, 100%), selection bias (n = 30, 96.8%), confounders (n = 24, 77.4%) and withdraws (n = 16, 51.6%). The distribution of weakness in quality assessment components was similar between obesity treatment and prevention studies.

10.1371/journal.pone.0184704.t002

###### Summary of the quality assessment components for 76 included studies.
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                                                            Number of studies   Weak in blinding   Weak in selection bias   Weak in confounders   Weak in withdraws   Weak in study design   Weak in data collection                               
  --------------------------------------------------------- ------------------- ------------------ ------------------------ --------------------- ------------------- ---------------------- ------------------------- ---- ------ --- --- --- --- ---
  **Treatment studies for overweight and obese children**   **Moderate**        4                  2                        50.0                  2                   50.0                   0                         0    0      0   0   0   0   0
  **Weak1**                                                 19                  19                 100.0                    17                    89.5                1                      5.3                       1    5.3    0   0   0   0   
  **Weak2**                                                 17                  17                 100.0                    16                    94.1                13                     76.5                      9    52.9   0   0   0   0   
  **Total**                                                 40                  38                 95.0                     35                    87.5                14                     35.0                      10   25.0   0   0   0   0   
  **Prevention studies for all children**                   **Moderate**        11                 10                       90.9                  1                   9.1                    0                         0    0      0   0   0   0   0
  **Weak1**                                                 11                  11                 100.0                    7                     63.6                2                      18.2                      2    18.2   0   0   0   0   
  **Weak2**                                                 14                  14                 100.0                    14                    100.0               11                     78.6                      7    50.0   0   0   0   0   
  **Total**                                                 36                  35                 97.2                     22                    61.1                13                     36.1                      9    25.0   0   0   0   0   
  **Total**                                                 **Moderate**        15                 12                       80.0                  3                   20.0                   0                         0    0      0   0   0   0   0
  **Weak1**                                                 30                  30                 100.0                    24                    80.0                3                      10.0                      3    10.0   0   0   0   0   
  **Weak2**                                                 31                  31                 100.0                    30                    96.8                24                     77.4                      16   51.6   0   0   0   0   
  **Total**                                                 76                  73                 96.1                     57                    75.0                27                     35.5                      19   25.0   0   0   0   0   

Outcomes and effectiveness {#sec014}
--------------------------

### Treatment studies {#sec015}

The detailed information on each treatment study was provided in [S1 Table](#pone.0184704.s003){ref-type="supplementary-material"}. Of the forty obesity treatment studies, seventeen (42.5%) were RCTs. Twenty studies (50.0%) have applied single component interventions, while twenty studies (50.0%) used comprehensive interventions with multiple components. There was no significant difference in quality between effective and non-effective obesity treatment studies (Chi-Square test, *P* = 0.374). Overall, thirty-four treatment studies (85.0%) targeting overweight and/or obese children were effective on at least one anthropometric outcome. The comprehensive interventions combining physical activity with health education had a trend to be more effective than that using physical activity only (88.9% vs. 80.0%). (see [Table 3](#pone.0184704.t003){ref-type="table"})

10.1371/journal.pone.0184704.t003

###### Characteristics and effectiveness of 40 school-based obesity treatment studies targeting overweight and obese children.
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                            Years of publication   Enrolled participants   Quality (moderate/ weak 1/ weak 2)   Number of studies (short-term / long-term)   Number of RCTs (%)   Effective / All (%)                                                                                     
  ------------------------- ---------------------- ----------------------- ------------------------------------ -------------------------------------------- -------------------- --------------------- ------------ ------------- ------------- ------------ ------------- ------------- -------------
  **Single component**                                                                                                                                                                                                                                                                    
  **PA**                    1997--2015             1047                    0/9/6                                15(13/2)                                     3(20.0)              11/13(84.6)           1/2(50.0)    3/3(100.0)    9/12(75.0)    0/0(0.0)     6/9(66.7)     6/6(100.0)    12/15(80.0)
  **HE**                    2005--2013             746                     0/3/2                                5(4/1)                                       3(60.0)              3/4(75.0)             1/1(100.0)   3/3(100.0)    1/2(50.0)     0/0(0.0)     3/3(100.0)    1/2(50.0)     4/5(80.0)
  **Total**                 1997--2015             1793                    0/12/8                               20(17/3)                                     6(30.0)              14/17(82.4)           2/3(66.7)    6/6(100.0)    10/14(71.4)   0/0(0.0)     9/12(75.0)    7/8(87.5)     16/20(80.0)
  **multiple components**                                                                                                                                                                                                                                                                 
  **PA+HE (+others)**       1997--2015             4636                    3/6/9                                18(13/5)                                     9(50.0)              12/13(92.3)           4/5(80.0)    8/9(88.9)     8/9(88.9)     2/3(66.7)    5/6(83.3)     9/9(100.0)    16/18(88.9)
  **PA+DI**                 2006--2015             114                     1/1/0                                2(2/0)                                       2(100.0)             2/2(100.0)            0/0(0.0)     2/2(100.0)    0/0(0.0)      1/1(100.0)   1/1(100.0)    0/0(0.0)      2/2(100.0)
  **Total**                 1997--2015             4750                    4/7/9                                20(15/5)                                     11(55.0)             14/15(93.3)           4/5(80.0)    10/11(90.9)   8/9(88.9)     3/4(75.0)    6/7(85.7)     9/9(100.0)    18/20(90.0)
  **Overall**               1997--2015             6543                    4/19/17                              40(32/8)                                     17(42.5)             28/32(87.5)           6/8(75.0)    16/17(94.1)   18/23(78.3)   3/4(75.0)    15/19(78.9)   16/17(94.1)   34/40(85.0)

RCT, randomized controlled trial; non-RCT, non-randomized controlled trial; PA, physical activity; HE, health education. No treatment study applied other single component nor other types of multiple components.

Fifteen studies implemented physical activity only, with thirteen short-term studies and two long-term studies, three RCTs and twelve non-RCTs. Eleven of thirteen short-term studies (84.6%) and one of two long-term studies (50.0%) reported effective results. All three RCTs (100%) and nine of twelve non-RCTs (75.0%) reported effective results as well.

Eight short-term treatment studies with physical activity only \[[@pone.0184704.ref063], [@pone.0184704.ref079], [@pone.0184704.ref084], [@pone.0184704.ref085], [@pone.0184704.ref089], [@pone.0184704.ref093], [@pone.0184704.ref098], [@pone.0184704.ref100]\] were included in the meta-analysis and showed an overall mean difference of -0.91 kg/m^2^ (95% CI: -1.15,-0.67, *P*\<0.001) in BMI in favor of the intervention group, without significant heterogeneity (*P* = 0.16, *I*^*2*^ = 30%) ([Fig 2](#pone.0184704.g002){ref-type="fig"}) nor publication bias (Egger's test, *P* = 0.76, [S1 Fig](#pone.0184704.s005){ref-type="supplementary-material"}).

![Meta-analyses on the change in body mass index for school-based obesity treatment studies.\
(a) Change in body mass index for studies using physical activity only. (b) Change in body mass index for studies using both physical activity and health education with or without other components. \*, weak 2 quality; \*\*, weak 1 quality; \*\*\*, moderate quality. b, boys only; g, girls only.](pone.0184704.g002){#pone.0184704.g002}

Five studies implemented health education only, four of which (80.0%) were assessed to be effective. Three of four short-term studies (75.0%) and the only long-term study showed that health education was effective. All of three RCTs were assessed to be effective.

Eighteen obesity treatment studies applied both physical activity and health education, of which sixteen studies (88.9%) were assessed to be effective. Twelve of thirteen short-term studies (92.3%) and four of five long-term studies (80.0%), eight of nine RCTs (88.9%) and eight of nine non-RCTs reported effective results.

Five short-term treatment studies involving both physical activity and health education \[[@pone.0184704.ref040], [@pone.0184704.ref060], [@pone.0184704.ref066], [@pone.0184704.ref095], [@pone.0184704.ref101]\] were included in the meta-analysis, which showed an overall mean difference of -1.80 kg/m^2^ (95% CI: -2.15,-1.44, *P*\<0.001) in BMI in favor of the intervention group, without significant heterogeneity (*P* = 0.15, *I*^*2*^ = 39%) ([Fig 2](#pone.0184704.g002){ref-type="fig"}) nor publication bias (Egger's test, *P* = 0.22, [S1 Fig](#pone.0184704.s005){ref-type="supplementary-material"}).

Two studies combined physical activity with dietary intervention \[[@pone.0184704.ref049], [@pone.0184704.ref062]\]. Both studies were short-term RCTs and were assessed to be effective.

### Prevention studies {#sec016}

The detailed information on each prevention study was provided in [S2 Table](#pone.0184704.s004){ref-type="supplementary-material"}. Of the thirty-six prevention studies, thirteen (36.1%) were RCTs, and the other twenty-three studies (63.9%) were non-RCTs. Nine studies (25.0%) implemented single component interventions, while twenty-seven studies (75.0%) applied comprehensive intervention with multiple components. There was no significant difference in quality between effective and non-effective obesity prevention studies (Chi-Square test, *P* = 0.295). Overall, twenty-one of thirty-six prevention studies (58.3%) were effective on at least one anthropometric outcome. The interventions using multiple components involving physical activity and health education were more likely to be effective than single physical activity component interventions (78.9% vs. 28.6%). (see [Table 4](#pone.0184704.t004){ref-type="table"})

10.1371/journal.pone.0184704.t004

###### Characteristics and effectiveness of 36 school-based obesity prevention studies for all children.
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                            Years of publication   Enrolled participants   Quality (moderate / weak 1/ weak 2)   Number of studies (short-term / long-term)   Number of RCTs (%)   Effective / All (%)                                                                                  
  ------------------------- ---------------------- ----------------------- ------------------------------------- -------------------------------------------- -------------------- --------------------- ------------ ------------ ------------- ------------ ------------ ------------ -------------
  **Single component**                                                                                                                                                                                                                                                                  
  **PA**                    2007--2015             6981                    3/0/4                                 7(7/0)                                       3(42.9)              2/7(28.6)             0/0(0.0)     1/3(33.3)    1/4(25.0)     1/3(33.3)    0/0(0.0)     1/4(25.0)    2/7(28.6)
  **HE**                    2011                   1718                    0/0/1                                 1(0/1)                                       0(0)                 0/0(0.0)              0/1(0.0)     0/0(0.0)     0/1(0.0)      0/0(0.0)     0/0(0.0)     0/1(0.0)     0/1(0.0)
  **DI**                    2005                   543                     0/0/1                                 1(1/0)                                       0(0)                 0/1(0)                0/0(0.0)     0/0(0.0)     0/1(0.0)      0/0(0.0)     0/0(0.0)     0/1(0.0)     0/1(0.0)
  **Total**                 2005--2015             9242                    3/0/6                                 9(8/1)                                       3(33.3)              2/8(25.0)             0/1(0.0)     1/3(33.3)    1/6(16.7)     1/3(33.3)    0/0(0.0)     1/6(16.7)    2/9(22.2)
  **Multiple components**                                                                                                                                                                                                                                                               
  **PA+HE (+others)**       2002--2015             41223                   6/7/6                                 19(13/6)                                     6(31.6)              10/13(76.9)           5/6(83.3)    5/6(83.3)    10/13(76.9)   5/6(83.3)    6/7(85.7)    4/6(66.7)    15/19(78.9)
  **Others**                2004--2015             15612                   2/4/2                                 8(4/4)                                       4(50.0)              3/4(75.0)             1/4(25.0)    2/4(50.0)    2/4(50.0)     1/2(50.0)    2/4(50.0)    1/2(50.0)    4/8(50.0)
  **Total**                 2002--2015             56835                   8/11/8                                27(17/10)                                    10(37.0)             13/17(76.5)           6/10(60.0)   7/10(70.0)   12/17(70.6)   6/8(75.0)    8/11(72.7)   5/8(62.5)    19/27(70.4)
  **Overall**               2002--2015             66077                   11/11/14                              36(25/11)                                    13(36.1)             15/25(60.0)           6/11(54.5)   8/13(61.5)   13/23(56.5)   7/11(63.6)   8/11(72.7)   6/14(42.9)   21/36(58.3)

RCT, randomized controlled trial; non-RCT, non-randomized controlled trial; PA, physical activity; HE, health education; DI, dietary improvement; Others combined health education with weight management, school policies, psychological counseling, or physical infrastructure support. No prevention study applied other single component nor other types of multiple components.

All seven studies implementing physical activity only were short-term studies, two of which (28.6%) were assessed to be effective. One of three (33.3%) RCTs and one of four non-RCTs (25.0%) reported effective results.

Four short-term prevention studies with physical activity only \[[@pone.0184704.ref045], [@pone.0184704.ref087], [@pone.0184704.ref088], [@pone.0184704.ref094]\] were included in the meta-analysis and showed no significant effect (mean difference: +0.05 kg/m^2^, 95% CI: -0.04, +0.15, *P* = 0.24), without significant heterogeneity (*P* = 0.53, *I*^*2*^ = 0%) ([Fig 3](#pone.0184704.g003){ref-type="fig"}) nor publication bias (Egger's test, *P* = 0.70, [S2 Fig](#pone.0184704.s006){ref-type="supplementary-material"}).

![Meta-analyses on the change in body mass index for school-based obesity prevention studies.\
(a) Change in body mass index for studies using physical activity only. (b) Change in body mass index for studies using both physical activity and health education with or without other components. \*, weak 2 quality; \*\*, weak 1 quality; \*\*\*, moderate quality. b, boys only; g, girls only.](pone.0184704.g003){#pone.0184704.g003}

There was one long-term non-RCT that implemented health education only \[[@pone.0184704.ref070]\] and reported non-effective results.

There was one short-term non-RCT that implemented dietary improvement only \[[@pone.0184704.ref036]\] and reported non-effective results.

Nineteen obesity preventions studies applied both physical activity and health education, of which fifteen studies (78.9%) were assessed to be effective. Ten of thirteen short-term studies (76.9%) and five of six long-term studies (83.3%), five of six RCT studies (83.3%) and ten of thirteen non-RCTs (76.9%) reported effective results.

Three short-term prevention studies involving both physical activity and health education \[[@pone.0184704.ref031], [@pone.0184704.ref038], [@pone.0184704.ref091]\] were included in meta-analysis, which showed an overall mean difference of -0.19 kg/m^2^ (95% CI: -0.27, -0.11, *P*\<0.001) in BMI in favor of the intervention group, without significant heterogeneity (*P* = 0.20, I^2^ = 35%) ([Fig 3](#pone.0184704.g003){ref-type="fig"}) nor publication bias (Egger's test, *P* = 0.29, [S1 Fig](#pone.0184704.s005){ref-type="supplementary-material"}).

Four of eight studies (50.0%) that implemented other intervention components were assessed to be effective. All four effective studies combined health education with weight management. The non-effective studies included combining dietary improvement with school policy (n = 1), combining health education with psychological counseling (n = 2), combination of health education, weight management, school policy and physical infrastructure support (n = 1).

Sensitivity analysis {#sec017}
--------------------

When only studies in moderate quality were included in meta-analyses, no treatment study in moderate quality applied PA only, and four treatment studies applied multiple components showed an overall mean difference of -1.26 kg/m^2^ (95% CI: -2.33, -0.20, *P* = 0.02, I^2^ = 91%). Two prevention studies applied PA only showed an overall mean difference of -0.09 kg/m^2^ (95% CI: -0.33, +0.16, *P* = 0.49, I^2^ = 26%). Four prevention studies applied multiple components showed an overall mean difference of -0.50 kg/m^2^ (95% CI: -1.14, +0.14, *P* = 0.13, I^2^ = 99%). Compared with our main results, the difference in change in BMI did not change materially but the efficiency lessened ([S2 Fig](#pone.0184704.s006){ref-type="supplementary-material"}).

Discussion {#sec018}
==========

Main findings of this study {#sec019}
---------------------------

This study systematically reviewed seventy-six obesity interventions in mainland China. The prevention studies were less likely to be effective compared with the treatment studies. And the comprehensive interventions combining physical activity with health education (two most common components applied in school-based obesity interventions in mainland China) were more likely to be effective than the interventions with physical activity only. Although the quality of the included studies was rated as moderate (19.7%) or weak (80.3%), no significant association between quality and effectiveness was found.

What Chinese studies have contributed to international reviews {#sec020}
--------------------------------------------------------------

There are several international reviews on school-based obesity intervention \[[@pone.0184704.ref012], [@pone.0184704.ref015], [@pone.0184704.ref018], [@pone.0184704.ref019], [@pone.0184704.ref102]\], however, only two obesity prevention studies conducted in primary schools of Beijing \[[@pone.0184704.ref022], [@pone.0184704.ref023]\] were included in those reviews. Both of them reported significant improvements in BMI, weight status or BFP. No school-based obesity treatment study in Chinese children was included in international reviews.

What this study added {#sec021}
---------------------

To our knowledge, this is the most comprehensive review of the school-based childhood obesity interventions in mainland China. All school-based interventions (both treatment and prevention studies) with a control group (both RCTs and non-RCTs) were searched in international and national databases. Quality and effectiveness of each study were assessed, and the effectiveness of different intervention components was evaluated. Meta-analysis was conducted for each intervention strategy when there were at least three studies with BMI as the outcome measure. As only two out of seventy-six Chinese studies were included in previous international reviews, this review provided valuable information for future obesity intervention studies in mainland China and international studies involving Chinese populations in other countries. The review also provides evidence for developing policies to prevent and control childhood obesity in mainland China and other countries with a similar setting.

Intervention strategies {#sec022}
-----------------------

There were differences in school-based childhood obesity intervention strategies between mainland China and high-income countries. Physical activity and health education were two most common components applied in mainland China, while physical activity and dietary improvement were two key components in high-income countries \[[@pone.0184704.ref010], [@pone.0184704.ref020]\]. A recent systematic review identified sixty-one school-based childhood obesity interventions conducted in high-income countries, including forty studies (65.6%) combined physical activity with dietary improvement, eighteen applied physical activity only and the other three applied dietary improvement only, which reported moderate strength of evidence to support the effectiveness in diet interventions \[[@pone.0184704.ref020]\]. In our review, only twenty included studies (26.3%) involving dietary improvement, of which only one prevention study applied single dietary improvement \[[@pone.0184704.ref036]\]. The evidence of dietary improvement is limited in Chinese school-based obesity interventions, which should be implemented and evaluated in the future.

Effectiveness of obesity treatment studies and prevention studies {#sec023}
-----------------------------------------------------------------

Treatment studies were more likely to be effective than prevention studies. The effect sizes of treatment studies on BMI were larger than prevention studies, which was also found in international mate-analysis \[[@pone.0184704.ref015]\]. As overweight and obese children have larger baseline BMI and suffer more adverse health consequences than normal-weight children \[[@pone.0184704.ref004]--[@pone.0184704.ref008]\], they were more motivated to control weight and more likely to adherent to obesity interventions. While, prevention interventions are more meaningful to protect children from obese adverse consequences and reverse the tide of the childhood obesity epidemic. To improve the effectiveness of prevention studies in mainland China, improving adherence of children and developing more effective intervention components studies, such as parental supervision and supports \[[@pone.0184704.ref010], [@pone.0184704.ref019]\], should be conducted in the future.

Effectiveness of intervention component(s) {#sec024}
------------------------------------------

"School Sports Prescription" seemed to be an effective physical activity intervention widely applied in treatment studies, which generally organized forty to sixty minutes physical activities guided by specific prospectus after class in school days, focused on moderate intensity aerobic exercise complementary with strength and fitness training \[[@pone.0184704.ref040], [@pone.0184704.ref058], [@pone.0184704.ref060], [@pone.0184704.ref089], [@pone.0184704.ref095], [@pone.0184704.ref099]--[@pone.0184704.ref101]\]. Overweight and obese students were required to take part in these programs at least two to five times a week. "Happy 10 Program" might be another effective physical activity intervention. This program consisted of two daily ten minutes physical activity sessions conducted in the break between classes, which initiated by Chinese government with various physical recreational games, was widely applied as part of comprehensive intervention strategies in prevention studies and seemed to be effective \[[@pone.0184704.ref023], [@pone.0184704.ref033], [@pone.0184704.ref043], [@pone.0184704.ref091]\].

Health education intervention components were analogous between treatment studies and prevention studies. Lifestyle improvement knowledge covered both healthy diet and proper exercise by intensive classes combined with pamphlets, posters, blackboard newspapers inclined to be effective, in which parents and teachers in charge were generally involved to enhance compliance \[[@pone.0184704.ref031], [@pone.0184704.ref035], [@pone.0184704.ref044], [@pone.0184704.ref061], [@pone.0184704.ref067], [@pone.0184704.ref077], [@pone.0184704.ref083], [@pone.0184704.ref091]\].

According to our results, comprehensive interventions involving physical activity component appeared to be more effective in both treatment and prevention studies, which were supported by international reviews \[[@pone.0184704.ref014], [@pone.0184704.ref016], [@pone.0184704.ref017], [@pone.0184704.ref019], [@pone.0184704.ref103]\]. Therefore, comprehensive interventions with multiple components such as "Happy 10 Program", "School Sports Prescription" combined with lifestyle improvement health educations are suggested for preventing and controlling childhood obesity in the school setting.

Limitation {#sec025}
----------

There were some limitations in the study. Firstly, the majority of included studies (80.3%) were rated as weak in quality, mainly due to insufficient blinding and selection bias. Lack of blinding and subjective selection of participants or communities without randomization could introduce both operational and statistical bias. However, as the components of school-based obesity interventions were related to behavior change, material and environmental supports, it was difficult to blind participants and assessors to the treatment allocation. In addition, some Chinese researchers did not provide sufficient information on blinding, randomization method, recruitment strategies and participant withdraws. These publications were therefore rated as weak in relevant components according to the quality assessment tool.

Secondly, the effects of other intervention components, such as dietary improvement with or without physical activity, could not be tested due to insufficient studies. The effects of those intervention components should be evaluated when more studies become available.

Thirdly, the intervention effects estimated from our meta-analyses may not be comparable to international studies, because of the differences in study design, intervention components and contents delivered to school children. Multi-regional controlled trials are suggested to further explore regional or ethnic differences in effectiveness of school-based obesity interventions, which will be important for developing global policy to tackle the epidemic of childhood obesity.

Fourthly, we used the change in BMI to conduct meta-analysis for evaluating the effectiveness of interventions as it was the most commonly reported in the included studies, although BMI z-score would be more preferable in school children. We also didn't use prevalence of obesity to perform the meta-analysis because the included studies used different BMI cut-points to define it. Both BMI-Z score and prevalence of obesity should be considered in future studies to evaluate the effectiveness of school-based obesity interventions.

Conclusion {#sec026}
==========

There are a large number of school-based childhood obesity intervention studies which have been conducted in mainland China. More treatment studies seemed to be effective compared with prevention studies. Comprehensive interventions involving physical activity and health education showed larger effect on BMI than physical activity only. Comprehensive school-based interventions may assist in tackling the rising prevalence of childhood obesity in mainland China. The results of meta-analyses provided some evidences for the obesity intervention researchers but should be considered in caution, as the included studies have apparent limitations. More high quality researches should been conducted in the future to confirm the effectiveness of school-based obesity interventions.

Supporting information {#sec027}
======================

###### Full electronic search strategy.

(DOCX)

###### 

Click here for additional data file.

###### PRISMA 2009 checklist.

(DOC)

###### 

Click here for additional data file.

###### Characteristics of 40 treatment studies.

This file demonstrated author, target population, study design, sample size, types of intervention, intervention duration, study location, main results, study quality and effectiveness of each 40 treatment studies included.

(XLSX)

###### 

Click here for additional data file.

###### Characteristics of 36 prevention studies.

This file demonstrated author, target population, study design, sample size, types of intervention, intervention duration, study location, main results, study quality and effectiveness of each 36 prevention studies included.

(XLSX)

###### 

Click here for additional data file.

###### Funnel plots of studies examining the body mass index (BMI) of school-based obesity treatment / prevention studies.

\(a\) Change in BMI for treatment studies using physical activity only. (b) Change in BMI for treatment studies using both physical activity and health education with or without other components. (c) Change in BMI for prevention studies using physical activity only. (d) Change in BMI for prevention studies using both physical activity and health education with or without other components.

(TIF)

###### 

Click here for additional data file.

###### Forest plots of moderate quality studies examining the body mass index (BMI) of school-based obesity treatment / prevention studies.

\(a\) Change in BMI for treatment studies using physical activity only (no moderate quality study was found). (b) Change in BMI for treatment studies using both physical activity and health education with or without other components. (c) Change in BMI for prevention studies using physical activity only. (d) Change in BMI for prevention studies using both physical activity and health education with or without other components.

(TIF)

###### 

Click here for additional data file.

###### 76 included studies.

(ZIP)

###### 

Click here for additional data file.
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